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A METHOD FOR THE ESTIMATION OF CHRONIC
DISEASE MORBIDITY AND TRENDS FROM MORTALITY
DATA

ARDUINO VERDECCHIA AND RICCARDO CAPOCACCIA
Istituto Superiore di Sanita’, viale Regina Flena 299, 00161 Rome, Italy

AND

VIVIANA EGIDI AND ANTONIO GOLINI
Dipartimento di Scienze Demografiche, University of Rome, v. Nomentana 41, 00161 Rome, 1 taly

SUMMARY

Measures of chronic degenerative disease diffusion, such as incidence and prevalence rates, are a basic need
or epidemiologists and others working in many fields of human sciences. Equations relating death
robabilities to incidence and survival probabilities for chronic degenerative diseases are derived from a
ohort point of view. A maximum likelihood approach is adopted for the estimation of incidence as a
anction of time related covariates. When time series of mortality data are available, the model can be used to
describe and analyse levels and dynamics of morbidity. A trial application to lung and breast cancer is given
or the province of Varese, Italy, where incidence data are available from the Lombardy Cancer Register.

Evy worps Incidence Prevalence Chronic diseases  Epidemiological metheds  Lung cancer
Breast cancer

i. INTRODUCTION

Population health status at a certain time, like many other population structures, is the result of
everal phenomena acting together on the population throughout an extensive period. People are
n time subjected to several risks that may change their health status {such as contracting discase,
ecovering, or dying from the same disease or from some other cause). All these risks are changing
with time. For example, a decreasing mortality rate from a specific chronic disease could be
attributed to different phenomena, such as a gencralized reduction of the primary risk of the
disease, or an improvement of diagnostic techniques and therapies which lead to a lower
probability of dying or at least to a delayed death. Discrimination between such different
possibilities can only be carried out through a comparative analysis of mortality, incidence, and
prevalence data. Also, studies aimed at identifying the determinants of mortality and mortality
ifferentials, at predicting mortality trends as well as the corresponding demand for health
resources,! would profit greatly from a clear understanding of morbid processes and their
dynamics.

. While mortality data are usually available from routine statistics, incidence and prevalence
rates can in general be obtained only from discase registers or epidemiological surveys for selected
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202 A. VERDECCHIA ET AL,

pathologies. Such data are then usually limited in scale and rarely available at national or regional
levels. Methods which allow estimation of incidence and prevalence rates from routine mortality.
data can be a great help when direct observation of incident cases is problematic or simply not
undertaken. Deterministic models for the estimation of morbidity rates were developed at g,
International Institute for Applied Systems Analysis, Laxenburg, Austria. For chronic degenera.
tive discases which may be considered irreversible, Klementiev? proposed a model for cstimating,,
morbidity rates from mortality data suitable for application to steady morbidity processes in
stationary populations. When applied to various diseases in ftaly® ¢ this model was found 6
produce fairly good results. Kitsul® proposed a new model using a cohort approach, which ng.
longer incorporated stationarity assumptions. However, in practical applications, when available
mortality series are limited in time, stationarity of the morbid process is, in effect, still assumed ; ‘
the proposed sotution. The application of both models is limited mainly to highly lethal diseases,
Stochastic models of illness—death processes were developed theoretically and discussed
extensively by Chiang.® Models of carcinogenesis have been developed and applied to the analysis
of the age trend of mortality and incidence rates for selected cancers.” " Using stochastic
compartment models, Manton and Stallard"'™*? estimated annual onset and death rates for lung
and stomach cancers, as well as the corresponding morbidity distribution for the population, from
fong series of cohort mortality data. For this purpose they formulated a bio-actuarial model which
incorporated features of the human theory of carcinogenesis. However, no successful attempts are
known for the modelling of diseases with complex age trends, such as cancer of the breast and
uterus, or non-invasive diseases of the digestive system, diabetes, or cardiovascular disease fo
which it is more difficult to hypothesize a physiological model than for cancer. .
An alternative approach consists of using information on the survival of diseased peopie to
provide a functional description of the morbid process in an objective way but without making
any assumption about the underlying physiological process. Survival data may be available from
chinical follow-up of patients, epidemiological studies, or disease registries, and they can be found 5
or collected for several diseases. :
Following this type of approach, we propose a model which can be applied to non-stable
populations, for estimating incidence and prevalence of chronic degenerative diseases, including
those with low fatality rates or those which are uncommon in the population concerned. .

2. MODEL FORMULATION

Assume for chronic degenerative diseases that the morbid process is irreversible. That is, recovery -
is not possible and an individual who becomes ill at a certain time remains il until death.

Consider the compartment model of Figure 1, with two live states (healthy and sick with respect:
to the specific disease) and two death states (from the specific cause and from ali other CAUSES)
Notice that only transitions relevant for formulating the model are shown in Figure 1. 5

From demographic sources we usually know death hazard rates from the specific cause, y(x}
and from all causes together, a(x), as functions of age x. In addition, we may know from
epidemiological sources the all-cause death hazard at age x, f(x, y), for people who became ill at
age y. Sometimes also the corresponding specific cause death hazard 3(x, y) may be known. When
this is not true, the unknown intensity, 8(x, y), could be estimated by assuming independence of
the death risks. In the following we assume that both transition intensities B(x, y) and 6(x, y) ar¢
known.

Consider the ageing process acting on people in a defined cohort and let #(x), B(x, y), 8(x, yyand
7(x) indicate known transitions for this cohort. OQur aim is to estimate the unknown transition
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ure 1. A compartmental representation of irreversible illness—death processes (see Section 2 for an explanation of the
symbols)

ntensity p(x), that is, the discase hazard for healthy people of age x, as a function of the other
known death hazards.
The survival probability S(x} is defined for the cohort by:

S(x):exp{ ----- fx cx(u)dujg. (1)
0

Define v(x) as the probability of being in the sick state at age x, conditional on survival until age x.
Then the death density function for the specific cause is given by:

S{x)y(x)= r S —vr) pfr)dix, 1) CXP{ - jx Blu, r)dquT- 2
0 T

Substituting S(x) as defined by equation (1), we obtain:

y(x)= f [1— ) Tu()8(x, r)cxp{ - f B r)w(u)]du}dr. 3

Equation (3) expresses the observed cohort-specific death rate at age x as the integral over all
¢s.up to x, of the probability of becoming ill at each age t, times the probability of surviving the
ra: death risk for the diseased between ages 7 and x, times the specific disease death density
ction at age x.

Similarly, the probability of being in the sick state for people of age x in the cohort can be
xpressed as:

S(x)v(x):fx S(ty[1 ——v(r)]y(t)exp[«f Plu, T)du]dr
[4] T

which reduces to:

W)= J’ [t —v(r)]u(r)exp{— f [, ) )] du }dz @
(4] T
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204 A. VERDECCHIA ET AL,

expressing the probability of being sick from the disease, for people aged x, as the integral over aj
younger ages of the probability of becoming sick at each age 7, times the probability of surviving
the extra death risk between ages 7 and x.

Equations (3) and (4) completely describe the morbidity and mortality of a cohort and can be
used to estimate incidence and prevalence of the disease on the basis of complete cohort mortality
data.

In practical applications, however, we generally deal with discrete statistics, grouped by age ang
calendar year, as they are recorded in vital registers. It is therefore convenient to express equations
(3) and (4) in discrete terms suitable for use jointly with observed mortality and survival statistics,
For this purpose we assume that diagnosis and death can occur only at the mid-point between twg
consecutive birthdays, except for those who become sick and die within the same year and to
whom an average disease duration of six months is assigned. Under this assumption, we re-define
in discrete terms some of the symbols above. We define v; as the proportion of sick people at exact
age i; u; as the probability of being diagnosed a new case for the specific disease between ages j and
Jj+1 for a healthy individual at exact age j; d;; as the probability of dying from the specific disease
between ages i and i+ 1 for a sick person diagnosed between ages j and j+ 1 and who survived to
exact age i, and y; as the probability of dying from the specific discase between ages i and i + 1 for
people who were alive at exact age i. Also define the discrete probability of surviving the extra
death risk from the disease for sick people as:

sij:cxp{ - f [Blu,j+1/2)—a(uy]du }

j+1/2

Equations (3) and {4) respectively, can now, be rewritten in discrete terms as:

; i-1
vi=(—v)ud;+ ‘Zo ( —vj)lujdijsij (5)
7=

»izj; (1=v))u;s,; )

where the first term on the right side of cquatioh (5) represents the contribution of people
becoming sick and dying within the same year of age.

2.1. Maximum likelihood estimation

For each cohort, provided we knew the cause-specific death probabilities (y,), the corresponding
probabilities for sick people with respect to the duration of the disease (d; ), and the cause-specific
relative survival accounting for the extra death risk te which sick people are exposed as compared
to the general population (s;;), and starting from the obvious condition v, =0, equations (5) and (6}
enable us to estimate the complete cohort history and its health status structure by age. However,
direct numerical solutions require complete cohort mortality data, which are not easily available
in practice, and may have problems of stability when random fiuctuations of mortality data are
quite high. Disease hazard is expected to vary continuously between contiguous age groups of
contiguous calendar years or cohorts. We assume here that the incidence of the disease is a regular
function of age, and possibly of other covariates, and look for an estimate of incidence function
parameters using the model equations (5) and (6) to fit observed mortality data.

Suppose we have available mortality and population data for I age groups and a series of
calendar years. Let u,, indicate the incidence probability at each age i in year p as given by a
function, M(z, 6), of a vector z of covariates, including at least age and period or cohort, and of a
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t of unknown parameters 8. If survival probabilities are aiso available, the function M(z, 6)
ompletely determines specific mortality in all cells of the given dataset.

We can use equations (5) and (6) to express the cause specific death probability y;, in each cell
i, p), belonging to the (p— ijth birth cohort, as a function of incidence at all younger ages, given by
M(z, 8), for the same cohort in the past. Adding the subscript p to the equations (5) and (6) to
ndicate calendar year, we allow the various cohorts to have different disease histories. Death
srobabilities y;, can then be computed by the equatmns

?ip:(l ‘vip)uipdiip'g_ 'ZO (1 o vjq)ﬂ;qujq Suq (7)
j=

i

Vip= (1= VialHya i (®)

=
ere g =p—i+j indicates calendar year of diagnosis. Substituting the values of v into the first
uation, we can express y;, as a function of incidence and survival alone and, ultimately, as a
ction of &

»= Cip(0).

Fhe parameters & can then be estimated as those best reproducing the observed mortality data. If
he probability of observing Y, deaths from n,, people at risk can be assumed independently to
ow a Poisson distribution with expectation n;,C,,(8), then the log likelihood is given by:

L=Y (Y, log[n,Ci,(6)]—n,,C,(6))+ terms independent of §
ir

ind the maximum likelihood equations are given by:

oL O Y
—— . Sy / = kzl ...,K-
36,026, <cww) =0 ’

Exact values for the derivatives in the above expression can be computed in each cell by
erentiation of equations (7) and (8), and employed in the fitting procedure. Under general
nditions, the maximum likelihood estimates of 8 can also be obtained by an iteratively re-
ighted least squares procedure,'* that is, by maximizing, with respect to 8, the expression:

Z Wip( Yip_nipcip(g))z
ip

Where the weights w;, are the inverse of the variance of ¥,
wip =1, Cp(8))” !

d are recomputed at each new step of the procedure.

.. Once the estimated values, 9, are obtained, asymptotic estimates of their standard errors can be
calculated from second derivatives of log likelihood.

- Goodness of fit can be evaluated by the likelihood ratio statistic (LRS):

LRS= —2Y ¥, log-*- 2~ .
ip
. The likelihood ratio test can be used to test the significance of inclusion of one additional

parameter to k already in the incidence model from the difference G?=LRS, —LRS, ., which is
asymptotically distributed as y? with one degree of freedom.
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206 A. VERDECCHIA ET A4L.

According to the nature of the morbid process, we can choose the incidence function M (z, ) by
different strategies to incorporate available data into the most appropriate model for specific
descriptive or explanatory purposes. Age and period or birth cohort covariates should always be
included in the function M when studying the dynamics of the disease.

3. APPLICATION

In this section we test the reliability of the above method by comparing model estimates with
observed data for cancer in the Varese province of Italy, where incidence data are collected by the
Lombardy Cancer Register (RTL).

Lung and breast cancer were selected for this analysis because of their different diffusion, age
dependency, and fatality. In particular, lung cancer is characterized by high fatality and a steep
rate of increase with age, with high incidence levels for men, and very low ones for women. Breast
cancer, on the other hand, is representative of a high-diffusion, low-fatality process with an
irregular age trend which makes this cancer particularly difficult to model.

3.1. Materials

Comparison of observed and estimated new cases of cancer was performed using the following
data:

{i} number of deaths by age from tung cancer {men and women, ICD: 161), from breast cancer
{women ICID: 174), and from ali causes (men and women) in the Varese provinee, Italy, from
official routine statistics for years 1970 to 1980;

(ii) size of the resident population of the Varese province by sex and age, estimated on { January
of years 1970 to 1980;*°

{ili) average number of new cancer cases by sex, age and site in the Varese province as recorded
by RTL cancer register'® in the years 1976 to 1977;

{iv) relative survival curves for lung and breast cancer by sex, from the Geneva Cancer Register
(Switzerland) for 1970-1983.17. 18

As cancer survival data are not yet available in Italy, the Geneva Cancer Register was chosen as
an alternative source, and corresponding survival probabilities were assumed for cancer occurring
in the Varese province. The choice was made mainly on the basis of both geographical proximity
and health care facilities not markedly dissimilar between Geneva and Varese, one of the most
affluent provinces in Italy.

Relative survival is defined as the ratio of the survival probability observed in a group of sick
people and that expected in an identically structured group of healthy people with respect to the
specific disease. The relative survival accounts for the net death hazard from the specific disease.

The Geneva survival curves were not age-specific, and survival probability was necessarily
assumed constant over age. Hence:

Sy=0-;

where o, _; is the relative survival at i —j years from diagnosis as given by the survival curve. The
crude probability of cancer death for sick people d;; is not specifically known and has been
computed from relative survival o;.; and the probability of cancer death for the general
population, assuming that the death hazard from other causes for sick people is equal to the death
hazard for the general population. The survival curves are shown in Figure 2.
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figure 2. Relative survival curves for lung and breast cancer from the Geneva Cancer Register (years of diagnosis
: 1970-1977)

. Maximuam likelihood estimation of incidence and prevalence

¢ first step required for a solution by the method of maximum likelihood consists of identifying

type of function whick is most appropriate for describing incidence of the specific disease.
In general, we can choose M(z, 6} as a function of variables like age, period or cohort and
entually of other explanatory variables. Log-linear models are frequently used in connection
th long-latency chronic diseases. In particular we choose a logistic function of age and birth
hort for use here with both lung and breast cancer. Higher powers of age and cohort have also
n included to allow for non-linear relationships between variables and the logit of incidence.
rormally:

ki k2
logit M=a+ ¥, b,(age)+ 3 ¢ (cobort)* 9
k=1 k=1

where a, b, and ¢, are parameters to be estimated by the maximum likelihood method.

- The orders k1 and k2 of the age and cohort polynomials in equation(9) must also be chosen. The
srocedure we used for this purpose is based on the likelihood ratio test applied iteratively to a
¢ries of increasing order nested models. The procedure terminates when the inclusion of further
ermas in equation (9) does not significantly improve the fit. The critical value for the G2 statistic
vas set equal to 3-8, corresponding to a significance level of 0-05.

. The steps in the verification of the incidence function for lung and breast cancer for the Varese
rovince are reported in Table L

- The selection procedure described previously resulted in a third-order model, in both age and
ohort for male fung cancer; a fourth-order model in age and linear in cohort for female lung
‘ancer, and a third-order model in age with no cohort term for breast cancer.
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Table I. Stepwise procedure for incidence model identification. The degrees of freedom for the
likelihood ratio statistic (LRS) are given by the number of independent observations {(935) minus
the number of independent parameters

Order of polynomials

Number of ——mo oo
Site Sex parameters age cohort LRS G*
lung men 2 1 — 1268-4 —
3 2 — 5749 693.5
4 2 1 5270 479
5 2 2 5079 o191
6 2 3 503-8 41
7 3 3 4976 62
hung women 2 1 — 5387 —
3 2 — 5164 223
4 2 1 5074 90
5 3 1 503-6 38
6 4 1 4988 4-8
breast women 2 1 - 9055 -
3 2 - 7104 196-4
4 3 — 6693 408

The fit appeared quite good for all selected models. However, in evaluating the goodness of fit of
the various models, it should be realized that data cells with zero observed deaths do not
contribute to the LRS.'? 1n our case, out of 935 cells, only 557 for male lung cancer, 353 for female
lung cancer, and 576 for female breast cancer contributed to the reported LRS.

Age and cohort effects, as they result from the contribution of ali related terms, can be described
globally for the investigation of the structural and dynamic characteristics of the morbid process.
In Figure 3, age trajectories of incidence for lung and breast cancer in Varese are depicted using the
identified models. For breast cancer no cohort terms were found to be significant in the selected
mode! and the age profile shown represents the actual estimated incidence. F or lung cancer, which
showed cohort trends for both sexes, the curves represent incidence values for the central 1943
cohort only. Incidence values for other cohorts can be obtained by shifting the 1943 curve upward
or downward.

A double logarithmic scale is used in the plot to facilitate interpretation of incidence curves in
terms of human carcinogenesis models. For lung cancer, the cprves can be seen as a theoretical
incidence age pattern adjusted for different risks associated with the cohorts, possibly owing to
different smoking histories. The resulting relationship between log incidence and log age is not far
from linear, being exactly linear for men aged 25 to 64 years. The corresponding slopes are 7-0 for
men 25-74 (7-3 for men 25-64) and 55 for women 25-74. For breast cancer the trend is grossly
non-linear, in accord with the well known relationship between risk of breast cancer and the three
major events of reproductive life: menarche, first full-term pregnancy, and menopause.2? It has
been suggested® ! 2* that the deviation of the breast cancer incidence age curve from the ‘log-log’
lincar pattern can be attributed to an exposure rate of breast tissue varying during lifespan
according to age at these three events. :

The dynamics of lung cancer incidence, incorporating ail significant cohort terms, are presented
in Figure 4. Here, relative risks of lung cancer incidence, along with 95 per cent confidence limits,
are plotted against year of birth for cohorts 1885 1o 1960, Relative risks were calculated with
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Figure 3. Age trajectories of incidence for lung and breast cancer

respect to the central cohort. The shape of the confidence lines results from the plotting of relative

risks, that is, the ratio of two random variables. By definition, the relative risk for the reference
cohort is one, with zero variance. The variance of the relative risk increases progressively away
from the reference cohort as the covariance of the estimates decreases.

Lung cancer incidence shows an increasing trend from the earliest to the most recent cohorts,

for both men and women. The rate of increase appears to drop for men, but not for women.
Because of very small numbers of observed deaths in the cohorts from 1950 onwards the estimates
of relative risk have large confidence intervals and no conclusions can be drawn. The estimated
_prevalences of the two types of cancer are reported in Table IL

For lung cancer, the ratio of prevalences for the sexes (men/women: 10) is approximately the
same as those for incidence and mortality. On the other hand, breast cancer which is subjected to a

sweaker force of mortality, leads to a much higher proportion of prevalent cases than lung cancer.
With a ratio of about 2: 1 in the incidence of breast cancer and male lung cancer, the ratio between

the corresponding proportions of prevalent cases is more than double at about 5:1.

Qur results refer to a small area of Italy with a peculiar history, especially with regard to
immigration, and therefore may not be representative of other areas or of the whole Italian
population.

3.3. Comparison between estimated and observed cancer incidence

In Table Il observed and estimated new cancer cases and incidence rates are reported for
comparison. As a result of the absence of or very small numbers of cases in the youngest age
groups and the unavailability of detailed reference data for agcs over 75, only the intervening age
groups are reported and compared.
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Figure 4. Lung cancer relative risk for cohorts born in the period 1885 to 1960 with respect to the 1943 cohort.
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Table 11. Population, number of prevalent cases and prevalence ( x 10,000) of lung and breast cancer in
Varese as estimated at 1 January 1977

o Males Females
lung lung breast
/ age population cases  prevalence population cases prevalence cases  prevalence
(years)
T 25--29 30172 0 o0 30421 0 00 3 16
30-34 27887 1 0-0 27698 0 00 16 5-8
35-39 30252 2 07 30355 0 00 47 155
40-44 27028 b 1-8 27066 1 04 93 344
4549 25375 13 51 26131 1 0-4 166 635
50-54 22812 26 114 24947 2 0-8 251 100-6
55-59 15430 32 207 18026 3 17 246 136:5
60-64 16531 67 40-5 20401 6 29 401 196-6
65-69 15007 83 553 20520 9 44 481 234-4
70-74 10080 69 685 15816 9 57 455 2877
25-74 220574 298 13-5 241381 31 1-3 2161 89-5
T
35 1960 For male lung cancer, estimated incidence rates are in general agreement with the observed
data. They slightly overestimate the observed cases in the older age groups.
For female jung cancer, even with very few deaths in each age group, the estimated incidence
-rates are generally in good agreement with the data except in a few age groups where an
“extraordinarily large or small number of cases were registered.
.. For breast cancer the model gave fairly good estimates, even though it failed to detect the two
) local maxima well evidenced by the observed incidence distribution in the age groups 4549
o and 55-59.
o  Unfortunately, no comparative data for prevalence are available from the RTL register nor
=0T om other sources. OQur prevalence estimates, reported in Table 11, appear plausible even if their
liability remains to be ascertained.
4. DISCUSSION
‘Our model can be applied to diseases other than those with short-term high-fatality or to those for
hich models of onset and evolution can be specified. The principal assumption in the formulation
of the model was the irreversibility of the morbid process. For many chronic degenerative diseases,
such as ischaemic heart disease, liver cirrhosis, or diabetes, this is plausible. For malignant
‘neoplasms, it reflects the idea of cancer load, since a patient with a history of cancer is still expected
to make greater use of health resources than healthy people never afflicted by the disease. A
concept of cancer prevalence which would be closer to actual disease manifestation than the one
‘adopted here is very difficult to define precisely. However, the introduction of the concept of
P— covery into the model remains an important task for future work, both to increase the field of
> 1960 pplication and to take into account possible progress in clinical management of chronic
‘degencrative diseases.
3 cohort. . The aim of this paper is to show how the relationships between incidence, survival, and

ortality can be used either to check the consistency of observed data or to estimate incidence and
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Table II1. New cases and incidence (probability x 10,000) of cancer in Varese, in
the two-year period 1976-77, as observed and estimated by the proposed model

Observed Expected
Age cases incidence cases incidence 72
(a) male lung cancer
30-34 2 0-46 1-9 0-34 0-01
35-39 3 0-50 64 1-10 1-81
40-44 21 388 154 2:84 204
45-49 39 7-66 335 6-58 090
50-54 66 14-49 614 13-40 0-34
55-59 77 2476 706 2276 0-58
60-64 117 3491 1256 3748 0-59
6569 133 4338 144-3 4707 0-88
70-74 102 48-94 111-4 5345 079
{b} female lung cancer
30-34 0 0-00 04 0-06 0-40
35-39 2 0-33 08 0-14 1-80
40-44 2 0-37 1-7 0-31 0-05
45-49 3 0-57 23 0-64 021
50-54 4 0-80 59 1-18 0-61
. 55-59 10 2:77 69 1-83 1-39
60--64 10 2-44 123 300 043
65-69 18 4:35 16-6 4-01 012
70-74 5 1-56 16-3 507 7-83
(€) female breast cancer
25-29 4 0-66 36 0-59 0-04
30-34 6 1-08 97 1-76 1-41
35-39 24 395 247 407 G-02
40-44 43 794 399 736 0-24
4549 82 16-05 578 11-08 10-13
50-54 68 13-60 717 14-33 0-19
55-59 77 21-29 60-4 1670 4-56
6064 81 19-74 774 18-87 017
65-69 91 21-98 864 20-89 0-24
70-74 71 22:10 778 2422 0-59

prevalence in areas for which they have not been recorded. The model can be used for different
purposes, according to the availability of reliable data, except that mortality data are assumed to
be available. A number of distinct cases may be considered.

When incidence and survival are known, indirect estimates are unnecessary. Often, however,
incidence, survival and mortality data are derived from different sources, not necessarily
compatible with each other with regard to methods of collection, criteria of exclusion, and
completeness of observation. In this case, equations (7) and (8) can be used to evaluate the degree
of consistency of available data and to supply prevalence estimates.

Sometimes incidence and survival data are obtained from a register in a selected population
(generally defined according to area of residence). If the population covered by the register is
representative of the general population for available health care facilities (both diagnostic and
therapeutic), then the observed survival data may be reasonably extended to the latter. Such
extension is not generally valid for incidence, which is strongly affected by the geographical
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variability of risk factors, related to both environment and life-style. The observed survival data
can be used jointly with mortality rates to yield incidence and prevalence estimates in the
population as a whole. '
. When incidence data only are available from the register, a survival curve for an external
population comparable to that in the study at least for the standard of health facilities might be
selected; the curve should be adjusted to account for the principal demographic variables. As a
preliminary step, the validity of the selected survival curve must be ascertained by attempting to
use it to reproduce the incidence observed from the register. If this is successful, the survival curve
ay be used, bearing in mind the cautions above, to estimate incidence and prevalence in the
general population.
_ If no morbidity data exist for the disease under consideration, application of the method, with a
ausible survival curve from another population, would give hypothetical estimates of morbidity
vels. Their reliability, could not be verified because of lack ‘of independent contro! data to
pport the assumptions about survival.
The reliability of the estimates obtained by applying the proposed model is strictly dependent
n the quality of the data. For exampie, use of an excessively optimistic survival curve would lead
. overestimation of both incidence and prevalence rates. Or again, incompleteness of the
gistration of incidence would lead to a corresponding underestimation of incidence in the
neral population, and so on.
It is well known that all morbidity and mortality measures in open populations present
considerable problems; extensive discussion of this issue, which is widely treated in the literature
(see, for example Reference 23) lies outside the scope of this paper. Ascertaining the quality and
ympleteness of data with regard to possible sources of error and distortion should be a
reliminary step in using the method proposed, even more so than in conventional descriptive
alyses. Special attention should be devoted to the choice of survival data when not directly
vailable for the population concerned. Reported survival rates can vary between populations just
between individuals, for different reasons which we can classify under three headings. First, we
ave the types of treatments and specific prognostic factors associated with objective differences in
e duration of discase. Their effect is difficult to quantify, and depends greatly on the specific
isease considered. For cancer, there is some indication that these differences are small, at least for
rtain sites such as lung, stomach and uterus.?*2% Secondly, we may consider demographic
ctors, such as age, sex, and race, which can generally be explicitly accounted for. Finally, we
consider apparent variations arising from different stages of disease at which incident cases are
diagnosed, as they provide the basis for subsequent observation of survival. For cancer,
‘apparently improved survival rates could arise from early diagnosis (lead-time bias). In cardio-
vascular disease, observed survival rates can depend considerably on the completeness of the
registration process for cases of sudden death, not receiving hospital care. If the definition of
incident case is changed to one holding in the population from which survival data are taken, the
effect of these variability factors can no longer be considered as causing distortion, but rather a
sort of standardization by differences in diagnostic standards. For example, assume that cancer
cases are diagnosed in population A during the first (local) stage of spreading, while in
population B they are observed only on entering into the second {regional) stage. Also assume that
the survival differences between the two populations arise from the different starting points of
observation (average time of passage from stage I to stage IT). Then, using the survival data from
population A on population B, we can obtain incidence estimates which correspond to those
which would be observed if here, too, cases were observed at stage L.
Variability in survival rates is generaily lower than that for incidence rates of many chronic
diseases. In European countries, published data®® report, for example, that the observed incidence
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of cancer of the colon in men for 1975 varies from 5-5 per 10,000 (Romania) to 23-8 per
10,000 (North Scotland, U.K.); the incidence of lung cancer varies from 23-5 (Navarra, Spain) tp
96'8 (West Scotland, U.K.); the incidence of cancer of the breast varies from 18-9 (Cieszin, Poland)
to 76:1 {Geneva, Switzerland); the incidence of cervical cancer varies from 3-9 (Navarra, Spain) to
301 (G.D.R). For coronary heart disease the 5-year incidence rate observed in the Seven
Countries Study*7 varies from 793 per 10,000 in Finland to 164 per 10,000 in Greece. In all these
examples the ratio of maximum and minimum values is at least equal to 4. The same variability
attached to death hazard rates would be reflected in survival probabilities varying, for example,
from 0-65 to (+90, or from 0-06 to 0-50. Variations of this order are not realistic and cannot easily be
inferred for countries with a comparable level of development. Moreover, comparative
studies® 25 2% have shown that, for many cancer sites, variability in survival rates between
populations is quite low and surely lower than the variability of incidence.

As has been asserted on a number of oceasions, the application presented in this paper is aimed
at primarily illustrating and testing the method. No particular epidemiological significance is
claimed for the results obtained. However, 2 number of assumptions made here, should be
discussed briefly. Adopting relative survival curves from the Geneva cancer register in the
application to lung and breast cancer, led us to assume survival probabilities independent of both
age and period. For lung cancer it is known that survival for younger people is higher than for the
elderly, both for males and females.?® 3° This could be used to explain the model’s tendency to
overestimate, albeit not to any considerable extent, incidence in the oldest age groups. For breast
cancer, the age dependency of survival probability is more compiex.2°~33 In the United States, for
example, 5-year survival rate for breast cancer for white females reaches a maximum (0-75) in the
age group 45-54, declining to 0-71 for ages 65-74, with some evidence of slight decrease for very
young age groups. However, this age dependency of relative survival rates for breast cancer is less
marked than for lung cancer, at least if the analysis is confined to below age 75. As far as period is
concerned, there are indications of an increase in cancer survival in recent years, particularly for
breast cancer. This issue is still controversial,** and it is, therefore, difficult to make reliable
assumptions about it.

The probability of death from causes other than the specific disease was assumed the same in
sick people and in the general population. It is worth remembering that this assumption is not
demanded by the model, but results from the lack of conclusive epidemiological data on multiple
disease endpoints. It is necessary to remember that if a positive association existed (so that the
diseased would be at a greater risk from other causes) this would lead to overestimation of the
specific death hazard rate, and hence to underestimation of incidence. Conversely, a negative
association would lead to a distortion in the opposite sense. For cancer, both these effects should
be small. It is likely that the debilitating effect of cancer could result in an increased risk for other
diseases (such as cardiovascular or respiratory disease). However, as internationally accepted rules
for coding causes of death state that cancer should be taken as the initial cause of death even when
it is mentioned as the second or the third cause on the death certificate, most of these cases will be
indeed classified as cancer deaths. A positive association is likely to exist, even though probably
weak in practice, provided that official death records are taken as the source of mortality data. A
negative association can be the resuit of increased use of health resources by diseased people. The
resulting bias is, however, small. For cancer patients by far the most relevant risk of death is
cancer itself. Even with compiete elimination of all other causes of death their survival rates would
not be substantially increased.

Finally, in the comparison of estimated and observed cancer cases, possible under-reporting of
new cases must be taken into account. In the Varese register this effect is unlikely to be important.
The compieteness of registration can be evaluated by means of the percentage of cases detected
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through the death certificate (‘death registration only’ cases); the lower this value, the better the
quality of register incidence data. In our case this percentage, during the period considered and for
ages 0-74, was about 2 per cent for lung cancer in men and breast cancer, and about 4 per cent for
fang cancer in women.
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